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LATE SUMMER PHYTOPLANKTON OF THE KIMITO 
ARCHIPELAGO (SW COAST OF FINLAND) . 
Åke Niemi 
Institute of Marine Research, Helsinki 14, Finland 
Tvärminne Zoological Station, Tvärminne, Finland 
The total volumes and chlorophyll a contents of the phytoplankton were 
studied at different stations in the oligotrophic outer waters and the eutrophic 
inner waters of the Kimito archipelago (SW coast of Finland). The correlation 
between the total phytoplankton volumes and chlorophyll a values is discussed 
and data are presented on the distribution of different phytoplankton. groups 
in the area. Notes on the ecology of some phytoplankton species are also 
included. 
Besides the decrease in salinity noticeable on passing from the open Baltic to the 
inner coastal areas, the waters could also be expected to display the effect of industrial 
and domestic wastes discharged from the nearby human assemblages. On 8-10 
September, 1967, an excursion was undertaken from Tvärminne Zoological Station, 
to the archipelago west of the Hangö peninsula, in order to study the phytoplankton, 
zooplankton and bottom animals. Sampling was performed along .three transects 
extending from the more marine outer archipelago (W of the town of Hangö/Hanko) 
to the inner coastal waters south of the town of Salo (cf. map, Fig. 1). In this paper 
the phytoplankton will be discussed. Particular attention is paid to the phytoplankton 
biomass and the amounts of chlorophyll a, and to the special features of the phyto-
plankton composition in early autumn, especially the differences between the outer 
archipelago and the inner coastal waters. The waters around Kimito/Kemiö have 
been included in earlier studies aimed at assessing the magnitude and intensity of 
the pollution of the southwest archipelago of Finland (cf. Karimo, '1965, Jumppa-
nen, 1969). 
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METHODS 
Samples of water or,phytoplankton~werc taken, with a Ruttner sampler 1.5 1, provided with a mercury 
thermometer. A rough estimate of transparency was obtained by using the white plankton net (diam. 
ca. 0. m) as a Secchi disk. The salinity was determined titrimetrically according to Knudsen; and 
the oxygen supply according to Winkler. 
The phytoplankton volume was determined according to Utermöhl (1958). The samples were 
preserved in formalin (2 % formaldehyde), so that the values referring to some blue-green algae 
(particularly Aphanizornenorlos-aquae) may be too low. Since it was wished to compare the chloro - 
phyll a values with the total phytoplankton volumes, the surrounding mucilage of several algae 
(several species of Cyanophyceae and Chlorophyceae) was excluded when measuring the volume. 
Chlorophyll a was determined by means of a simple method, described in Niemi, Skuja and 
Willen (1970). The amounts of phaeophytin (degradation products of chlorophyll; cf. Parsons, 1966, 
Yentsch, 1966, Tailing, 1969) were not measured. 
THE STUDY AREA 
The outer archipelago (terminology according to Häyren, 1900, 1931) west of the 
Hangö peninsula (sampling stations III, XI, XII, XIII) forms a broad zone with 
small islands and-skerries. The inner archipelago and coastal zone are characterized 
by large land units: Kimito, Finby/Särkisalo, Padva, Pettu and other, surrounded 
by narrow but deep inlets or stretches of open water, e.g. Ekholmsfjärd (fjärd = an 
expanse of open water occurring in the archipelagos of the Baltic, cf. Luther, 1951, 
p. 17, Willen, 1962, p. 13). 
Data on the morphometry of the innermost coastal waters, inflowing rivers and 
wastes received (population equivalents according to Karimo, 1965): 
Snle[ • 
average 
depeb in m 
mas. 
deph 
sill 
• depth rivos 
pop. 
equivs. 
Innermost Halikonlahti :. 3 -4 5 Halikonjoki • 
Ijskelanjoki 530 000 
— Teijdnlahti 	........ 12 -20 28 6 
— Lappdalsfjärd ........ 10 -20 28 . 	. 	6 
Ekholmsfjärd 	.......... 20 -40 . 51 12 Kiskonjoki 10 000 
Bromarfvik 	............ 20-30 51 13-14 
Paimionselk-ä 	........... 20 -30 42 11-13 Paimionjoki 4 500- 
5 000 
The influence of pollution caused by human settlement is apparent in the inner 
parts of the sounds on both sides of Kimito. The adjoining land is one of the most 
intensively cultivated agricultural areas in Finland. The rivers discharging into these 
waters are poor in humus but rich in nutrients and turbid with suspended clay (cf. 
Lohammar & Luther, 1952). Hålikonlahti is particularly heavily polluted, chiefly 
owing to the industrial wastes coming from the Halikko-Salo area (Karimo, 1965). 
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sig. 1. Map of the area studied and the sampling stations 
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In addition, these waters are particulaily susceptible to pollution on account of the 
poor water exchange resulting from their considerable depth and shallow sills (cf. 
Bagge & Voipio, 1967). Eutrophication has also occurred in Ekholmsfjärd and Pai-
mionlahti (Karimo, 1965). Jumppanen (1969) found that the primary production 
ability was high, particularly at the mouth of Halikonlahti, and this reflects the 
eutrophication caused by human settlement. Bromarfvik (not included in Karimo's 
and Jumppanen's studies) seems to be practically unpolluted, judging from the 
observations made by the author in this study. 
The sampling stations (8.9.:.[--III, 9.9.: IV IX, 10.9.: X--XIII, cf. map): 
depth m tnnsparenc, 	n, colour of water 
I 	Bromarfvik 	.................. 32 7 weak yellow-green 
II 	S 	of Peringeudd 	............. 32 7 » 
III Hangö W fjärd, Talsbäda ..... 22 7 » 
IV E Kimito S of Träskö 	....... 50 5.5 » 
V 	Ekholmsfjärd 	................ 43 3.5 yellow-brown 
VI 	Gammelbyvik 	................ 19 1.2 yellow-grey 
VII 	N 	of 	Teijo 	.................. 24 0.2 brown 
VIII 	Halikonlahti 	................. 3. s 2 brown-grey 
IX 	Lappdalsfjärd 	................ 30 1.2 green-brown 
X Paimionselkä, E of Attu 	...... 24 2 (no record) 
XI W Kimito, N of Sandö ....... 50 4.5 weak yellow-green 
XII 	S W of Högsåra 	.............. 50 9 » 
XIII 	NE. 	Hitis, 	Hästharu 	.......... 40 9 » 
During the three days of sampling the weather was calm and rather foggy. 
Temperature, salinity and oxygen values are presented in Table 1. 
Temperature. The temperature was fairly even throughout the area studied. The 
water was almost homothermic, the thermocline being indistinctly defined, except 
at st. VII. Owing to the sills at the mouths of the inlets, the subsurface water becomes 
stagnant; the less dense outflowing, oligohaline (the Venice System) surface water 
(here approximately the uppermost 3 m) does not seem to mix with the subsurface 
water, and very stable summer stratification develops (cf. Bagge & Voipio, 1967). 
Salinity. As mentioned above, the layer of outflowing fresh water was very 
clearly defined at st. VII. In Lappdalsfjärd (st. IX) there seemed to be more mixing 
owing to greater turbulence. In Halileonlahti (st. VIII) a brown-grey, very polluted 
freshwater layer covered an oligohaline subsurface layer of clean water. At the outer 
stations layers of fresh water resulting from stream inflow were not apparent. In the 
late summer of 1967 the salinity of the surface waters of the Baltic off the southwest 
coast of Finland was somewhat above 6 0/00 (observations of the author in the area 
outside Tvärminne. E of the Hangö peninsula). 
TABLE I 
Station 	
in Depth 	 ,C 	S o/ 
as 
	
I ... 	0.5 j 	17.7 I 	5.80 
5 	16.3 	5.85 
10 15.1 	6.04 
15 	13.4 	6.05 
~ 	20 	1 	10.1 	6.25 
30 9.0 	6.37 
II ... 	0.5 	17.1 	5.83 
5 16.2 	5.83 
10 	15.s 	6.o9 
15 13.0 	6.23 
20 	10.2 	6.31 
30 9.0 	6.36 	4.54 
I11 ... 	0.5 I 	15.3 	(6.33?) 
5 	14.7 	6.15 
10 14.7 	6.30 
15 	14.7 	6.32 
20 13.1 	6.32 	8.24 
[V ... 	0.5 	15.9 	5.13 	I 
5 	15.7 	5.50 
10 14.4 	6.05 
15 	13.3 j 6.20 
20 12.3 	6.28 
36 	10.8 1 6.34 
48 	I 	9.4 	6.45 	I 	6.83 
\% .. 	0.5 	15.9 4.s4 	8.64 
5 15.9 	5.15 	8.45 
10 	12.i 	5.30 	5.41 
15 11.9 	5.52 	5.01 
20 	9.6 	5.64 	5.28 
30 8.3 	5.61 	4.43 
I 	40 	I 	7.9 	5.61 	3.36 
VVI ... ~11, 	0.5 I 	15.9 1 	4.27 
5 	15.9 	4.94 
10 11.7 	5.08 
15 	10.7 	5.63 
18.5 	10.6 li 	5. 70 	2.24  
Depth 	
t'C 	S °/ao 	 j og O./I 
VII 	... 0.5 16.5 1.31 
5 16.s 3.34 
10 15.s 3.68 
15 14.2 3.72 
23 	I 7.3 3.78 0.is 
VIII 	... 0.s 15.1 0.10 
3 16.5 2.83 6.48 
IX 	... 0.5 16.6 3.32 
5 16.6 3.71 
10 16.5 4.20 
15 16.5 4.27 
20 16.4 4.30 
28 16.3 4.32 7.41 
X 	... 0.5 15.3 5.20 
5 15.0 5.73 
10 14.6 	I 5.97 
15 6.io 
22.5 11.9 6.17 6.54 
XT... 0.s 15.0 6.16 
5 	! 14.8 6.20 
10 14.6 6.20 
15 14.0 6.23 
20 13.6 6.24 
35 10.0 6.35 
50 8.3 6.44 4.s0 
XII 	... 0. s 	~ 14.7 6.20 	I 
5 14,5 6.24 
10 14.5 6.30 
15 13.s 6.40 
20 13.2 	1 6.43 
35 6.60 
48 9.5 6.64 7.01 
XIII 	... 0.5 15.1 6.20 
5 14.9 6.20 
10 14.7 6.22 
15 14.4 	' 6.24 
20 13.4 6.33 
35 12.1 6.4o 	! 6.72 
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mg 0_1l Station 
The fact that the salinity values are lower at st. IX than at st. VI (Table 1) indicates 
that the greater part of the freshwater flowing out of Halikonlahti passes northwest 
of Kimito (cf. also Hyvärinen, 1970). Although sampling was performed over a period 
of three days, the salinity values ought to be comparable owing to the calm weather 
conditions during the excursion. 
Oxygen. The oxygen content of the bottom layers only was studied, except at 
st. V. The inner waters east of Kimito show low values: st. VII (23 m) and st. VI 
(18.5 m) 0.16 and 2.24 mg/l, respectively. These stations probably have a limited 
exchange of water combined with a high phytoplankton biomass resulting from 
eutrophication. The oxygen values of Ekholmsfjärd (st. V) also point to eutrophi-
cation and stagnation. In spite of the eutrophication and great phytoplankton biomass 
in Lappdalsfjärd (st. IX), the oxygen situation was good, probably owing to conside-
rable turbulence in the sound. 
PHYTOPLANKTON BIOMASS 
In the figures (2a and 2b) which present the total phytoplankton volumes and chlo-
rophyll a values, the stations are arranged according to decreasing salinity of the 
surface water. 
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Fig. 2a. Distribution of the total phytoplankton biomass as revealed by measurements of volume 
Fig. 2b. Distribution of the total phytoplankton biomass as revealed by chlorophyll a values 
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A. VOLUME 
It is known that in the summer the phytoplankton biomass in general increases from 
the open Baltic towards the inner coastal waters (cf. Halme, 1944, p. 126), Water 
Protection Laboratory of Rajasaari, Helsinki, 1968, Niemi et al., 1970). The salinity 
decreases while the nutrient content usually increases owing to natural or human 
eutrophication. This tendency to increase towards the inner waters is also displayed 
by the phytoplankton of the Kimito archipelago, high phytoplankton volumes 
occurring only in the eutrophic inner areas (Fig. 2a). 
In the very eutrophic Halikonlahti (st. VIII) the phytoplankton volume was lower 
(1.000 a3 X 109/1) in the brown-grey, fresh, surface water (containing abundant 
Euglena sp.), than in the clearer, oligohaline subsurface water (1.880 y3 X 109/l). 
The highest volumes were found in the sounds outside Halikonlahti (cf. also Karimo, 
1965): The surface layers at sts. VII and IX contained 3.580 and 5.440 u X 10°/1, 
respectively. Further out, in Gammelbyfjärd (st. VI), 0.900 ,a° X 109/1 was measured. 
A very similar surface value, 1.200 ,u° X 109/1, was recorded from Paimionselkä 
(st. X), which probably receives waste water. The volume measured for Ekholmsfjärd 
(st. V), 0.340 p3 X 109/1, was surprisingly low. Bromarfvik, with no apparent eutro-
phication (st. I), had a somewhat higher value, 0.600 lc 3 x 101/1. The stations in the 
outer archipelago had very Iow phytoplanIston volumes, in general about 0.400 
,u' X 109/1 and may reflect the oligotrophic conditions of the open Baltic. A similar 
trend was found in the late summer in the archipelago of Tvärminne along a transect 
from the inner coastal waters to the open Baltic (Niemi et al., 1970). 
The total phytoplankton biomass (Fig. 3) calculated as g/m" (determined graphic-
ally, the specific weight of phytoplankton being estimated as 1) was about 4 g/m' 
or slightly more in the outer archipelago, but much higher in the eutrophic inner 
areas; st. VII 29.0 and st. IX 73.4 g/m2. 
Total 
phytaplankton 
biomass 
g/m2 
Fig. 3. Weight/m" of the total phytoplankton 
biomass at the different stations st. In xn xIII xI 11 	l 	X Iv V vI Ix vn vill 
2 18068-70 
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B. CHLOROPHYLL a 
The chlorophyll a content showed the same trend as the phytoplankton volumes. 
Values above 20 ,ug/l were obtained only from the eutrophic areas immediately outside 
Halikonlahti (sts. VII and IX). The subsurface water of HalikonIahti (st. VIII) 
contained 17 ,ug/l, and Gammelbyvik (st. VI) and Paimionselkä (st. X) 7 and 10 ag/l, 
respectively. At the outer stations values varying from 1 to 3 ,ug/l were observed, 
which may be characteristic of the oligotrophic waters of the outer archipelago in 
the late summer. 
These values agree well with the results given by Kostiainen (1969) from the 
Uusikaupunki (Nystad) archipelago (southern Gulf of Bothnia). He considered values 
of 1-3 ,ug/l typical of the unpolluted waters of the outer archipelago, the corres-
ponding values for the weakly eutrophic and strongly eutrophic waters being 1.5-
7.5 ,ug/l and 2.9-41.0 ug/l, respectively. However, his methods and time of investi-
gation differ from those of the present study. The values obtained from the Pojovik-
Tvärminne area east of the Hango peninsula (Niemi et al., 1970) are also of the same 
magnitude, but the values in the inner part of Pojovik were not as high as in the 
Kimito archipelago (cf. also Halme, 1944, p. 126). 
C. CHLOROPHYLL a / VOLUME 
The values of chlorophyll a and the corresponding phytoplankton volumes at depths 
of 0 m, 5 m and 10 m are presented in Fig. 4. If the transparency was less than 5 m, 
sampling was only performed at 0 and 5 m. As may be seen in the figure a linear 
correlation was found in this case. The values of deep water layers have not been 
used in the calculations in view of the possible presence of degradation products 
of chlorophyll a at greater depths (cf., for instance, Yentsch, 1966). 
Because of the variability of the phytoplankton composition, a close correlation 
between the total phytoplankton volume and chlorophyll a can never be expected. 
Several different circumstances produce variations in the amount of chlorophyll a 
extracted from different phytoplankton groups and populations; for instance, the 
extraction of chlorophyll a from some algal groups will not be complete (e.g., from 
Aphan emenon flos-aquae, cf. Ahlgren et al., 1963); the amount of chlorophyll varies 
between different algal groups (e.g., the diatoms are characterized by high amounts 
of chlorophyll, cf. Hagmeier, 1961, Steele & Baird, 1965). Furthermore, it has been 
pointed out that external factors may cause fluctuations in the amount of pigment 
in the cells of the same species (cf. Jörgensen & Steemann Nielsen, 1966). Also the 
methods used will influence the results considerably (Humprey & Wootton, 1966 and, 
for instance, Nehring et al., 1969). 
However, the present author has come to the conclusion that the amounts of 
chlorophyll a, systematically determined by means of the simple routine method 
employed, may give a rather good understanding of the yearly succession of the 
phytoplankton biomass in a body of water. 
1.1 
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Fig. 4. The correlation between chlorophyll a and phytoplankton volumes 
NOTES ON THE DISTRIBUTION OF DIFFERENT PHYTOPLANKTON 
GROUPS 
The volumes of Cr~ptophyceae, Bacillariophyceae, Chlorophyceae and Cyanophyceae are 
given in Fie-. 5. The volumes of Chrysophyceae, Euglenophyceae, Pyrrophyceae and unde-
termined algae, chiefly the »non-Utermöhl-plankton» (cf. Throndsen, 1969) are pre-
sented in Fig. 5 under the heading »other groups». The author's name is not men-
tioned, where the nomenclature is in accordance with the following works: Crypto-
phyceae (Huber-Pestalozzi, 1950), Bacillariophyceae (Hustedt, 1927-1930, 1931-1937, 
1942), Chlorophyceae (Prescott, 1962), Cyanophyceae (Geitler, 1932). Euolenophyceae 
(Huber-Pestalozzi, 1955) and Pyrrophyeeae (Schiller, 1933, 1937). 
12 
pf 
vc 
Fig. 5. Volumes of the different phytoplankton groups in the surface waters (0.5 and 5 m). 
NB. The values of sts. IX, VII and VIII (to the right) are presented in another scale than 
the values of the other stations (to the Ieft) 
Cryptophyceae. The cryptomonads were abundant in the surface layers, except 
in Halikonlahti. At some stations in the outer archipelago they made up more than 
50 % of the total phytoplankton volume. The group was composed of several unde- 
termined Cry 	species (length 7 to 18 ,u). Also in the Tvärminne-Pojovik 
area Cyptomonas was an important component in the surface layers (Niemi et al., 
1970). 
Chrysophyceae. This group was found at all stations and was chiefly represented 
by cf. Kephyrion cinctum (Lack.) Bourr. and an undetermined species. Chrysophyceae 
never reached high volumes because of their small size, although the number of 
individuals could be considerable. They occurred in deep water layers too; however, 
living specimens were difficult to distinguish from dead ones because of the lorica. 
At the oligotrophic outer stations the volumes of these algae in the trophobenic 
layer never exceeded 0.020 1.c 3 X 100/1, but in the eutrophic inner area (sts. VII and 
IX) values of 0.090 and 0.6481c3 X 109/1 were noted. The weakly eutrophied Paimion-
selkä (st. X) had 0.040 tea X 109/1 in the surface layer. At the eutrophic inner stations 
13 
with low salinities the group was represented by severalydifferent species of the 
»Kephyrion» type. 
Pyrrophyceae. The group was rather evenly represented at all stations, but it does 
not make up a great part of the total phytoplankton volume. The highest value, 
0.050 	X 109/1, was obtained in Halikonlahti (st. VIII: 3 m). At the eutrophic inner 
stations (VII, IX) only species of Gyrnnodiniaceae were found, apart from some records 
of Ceratium hirundinella. In the outer archipelago species of Gj'mnodiniaceae also 
occurred, but here the shell-forming groups were more important. In Elcholmsfjärd 
(st. V. salinity of the surface 4.84 0/00.) the following species were already found: Dino- 
physis acuminata, D.norvegica, D.baltica, Phalacroma rotundatum, Protoceratium reticulatune, 
Glenodinium lenticula and Peridinium sp. In the outer archipelago these species occurred 
in varying proportions, the volumes being below 0.100 ,u3 x 109/1. Dinophysis acuini-
nata and D.norvegica were the dominant species. Usually the maximum volumes were 
found at 5 or 10 m, not at the very surface. 
Bacillariophyceae. Diatoms were found at all stations but their importance varied 
with the station. In the outer archipelago the volumes were low, 0.002-0.052,.c3 X 
109/1, and they were also low in the weakly eutrophied waters of stations V and VI, 
0.010-0.044 ,u3 X 109/1. In Bromarfvik, however, the diatoms were of great impor-
tance: at sts. II änd I the volumes measured were 0.056-0.154 and 0.180-0.266 
as X 109/1, respectively. The weakly eutrophic Paimionselkä (st. X) had 0.324 
109/1 at a depth of 10 m; at the eutrophic inner stations the values varied from 0.282 
to 0.700 ,u,3 X 101/1. 
The species composition of the diatoms in the outer archipelago differed from 
that in the eutrophic inner waters. In the former area the chief part of the diatoms 
consisted of the centric _Actinocyclus Ehrenbergii, Coscinodiscus cf. Granii, Chaetoceros 
densus 1 ) (particularly abundant at sts. I and II), C. Wighamii, and the pennate Rhoi- 
cosphenia turvata, Epithemia spp. and Syneds spp. The following species occurred 
sparsely (results from net samles): Melosira moniliformis, Thalassiosira balitco., Chaetoc- 
eros holsaticus, Cocconeis pediculus, Amphiprora alata (Ehrenberg) Kiitzing and Surirella 
gemMa (Ehrenberg) Kiitzing. 
At the eutrophic inner stations the following species made up the chief part of 
the diatom volumes: Melosira italica, Sceletonema costatum, Chaetoceros spp., Stephåno-
discus HantZschii, Cyclotella Meneghiniana, Coscinodiscus lacustris, Diatorva elongatum, 
Aslerionella formosa (incl. A. gracillima), Epithemia spp. and Syneds spp. 
During the late vernal diatom bloom Diatorva elongatume also occurs in the outer 
archipelago and in the sea zone, but after the depletion of nutrients the species 
vanishes in June (observations of the author from the Tvärminne area and from 
Esbovik W of Helsinki). Diatom å elongatum does not usually occur in the open Baltic 
(cf. Mölder, 1962). 
Sceletonema costotum, Coscinodiscus lacustris and perhaps also Rhitosolenia minima seem 
to be restricted to the eutrophic inner waters during the late summer. According 
1) Determination kindly confirmed by Drs. G. R. Hasle and B. R. Heimdal, Blindern, Oslo. 
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to Haapanen (1969, cf. also Segerstråle, 1939, Mölder & Tynni, 1966, 1968), the 
first-mentioned is obviously favoured by the eutrophic waters of the inner archipelago 
in late summer. Besides occurring during the vernal diatom bloom, Sceletonema is 
found in the open Baltic again in autumn when the water has cooled, but never 
abundantly (cf. Buch, 1948). The occurrence of this species seems to exhibit 
long-term variations (Purasjoki, 1947). Coscinodiscus lacustris is also common in the 
open Baltic in spring (Leegaard, 1920), but has very seldom been found by the 
present author outside the Hangö peninsula in summer. Rhi.osolenia minima has also 
been found in the Tvärminne area and in Esbovik during the later part of the vernal 
diatom bloom, but later in summer it seems to occur only in the inner archipelagos 
of these areas. The species has earlier been recorded from the inner archipelagos 
of the Gulf of Finland (Levander, 1904, 1915, Välikangas, 1926, Segerstråle, 1939), 
and even from the oligohaline Bay of Viipuri/Viborg (Levander, 1904). 
In addition to occurring in the eutrophic inner waters around Kimito, the species 
group Coscinodiscus lacustris, Sceletonema costatum and Rhiosolenia minima is also found 
in the greatly eutrophied inner waters around Helsinki in the late summer or early 
autumn, when the water is still above 10°C (observations of the author). 
It seems probable that these three euryhaline and eurythermal species (and pre-
sumably also some other algae) are favoured by high nutrient concentrations in the 
eutrophic inner archipelago. Probably the low nutrient supply in the open sea in 
summer restricts the distribution of such species to the inner waters. 
Euglenophyceae. In the oligotrophic outer archipelago Colacium vesiculosum 
Ehrnb. was the only important species. In the eutrophic inner areas Euglena spp. 
were abundant. This group of algae in particular was very important in the polluted 
surface water of Halikonlahti (st. VIII). Its volume was 0.814 us X 109/1 (included 
in »other groups» in Fig. 5). 
Chlorophyceae. In the outer archipelago the Chlorophyceae volumes were below 
0.100 u3 X 109/1, but the eutrophic waters of sts. VII—IX showed values of ca. 
0.600-1.600 u3 X 109/1. In the weakly eutrophic Paimionselkä (st. X) the volume 
was 0.410 ,u3 X 109/1 at the surface. 
There is a rather great difference in the species composition between the outer 
and inner areas. The number of different green algae species apparently increases 
inwards. In the oligotrophic outer area Carteria sp. (length 7-8 u), Pyramimonas sp. 
(length 5-6 u) and Oocystis lacustris made up the chief part of the Chlorophyceae bio-
mass. At the margin of the eutrophic areas (sts. IV—VI, X) other species also became 
important, especially Chlorococcales: Ankistrodesmus falcatus, A. falcatus v. mirabilis, 
A. spiralis, Dictyosphaerium pulchellum, Oocystis sp., Scenedesmus acuminatus, S. acuti-
formis, S. gutwinskii Chod., S. quadricauda and Selenastrum minutum. In the eutrophic 
inner areas (sts. VII—IX) Carteria sp. and Pyramiraonas sp. also made up the chief 
part of the green algae but were joined by Chlamydomonas sp. The species composition 
in the inner waters was very rich; besides the above species, mention may be made of: 
Actinastrum HantZschii, Lagerheimia sp., Sphaerocystis Schroeterii, Micractinium pusillum, 
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Scenedesmus arnratus, S. opoliensis, and the desmids Closterium acutum Breb. and Staura-
strsrm planctonicum Teiling. The following species occurred sparsely (results from net 
samples): Golenkinia radiata, Pandorina morum, Oocystis Borgei, Pediastrurrr Boryanum, 
P. duplex and P. duplex v. gracilliniurd. 
Cyanophyceae. In the outer archipelago the volumes of blue-green algae did not 
exceed 0.020 ,u X 109/1 (st. III 0.080). In Paimionselkä (st. X) the surface water 
contained 0.200 ,ul X 10'/1. In the eutrophic inner waters of stations VI—IX the 
corresponding volumes were 0.466, 1.482, 0.634 and 1.980 ,u3 X 109/1, and were thus 
of another class of magnitude than those of the outer archipelago. 
In the outer archipelagoAphaniZoraenonfilos-aquae, Anabaena Lemmermannii P. Richt., 
detached filaments of Calothrix scopulorum and smaller amounts of Nodularia spumigena 
made up the Cyanophyceae biomass. The following species were noted sporadically 
(chiefly in net samples): Oscillatoria Agardhii, O. limnetica, Anabaena baltica, A. inaequalis 
and A. subcylindrica. In Ekholmsfjärd (st. V) Oscillatoria Agardhii and Calothrix scopu-
lorum predominated. In the eutrophic inner waters (sts. VI—IX) Aphanitiomenon flos-
aquae (chiefly heterocysts) only occurred sporadically or was completely lacking, while 
Oscillatoria Agardhii, O. limnetica, Oscillatoria sp., AphaniZomenon gracile, Anabaena sp., 
Gomphosphaeria lacustris, G. litoralis Häyren and Chroococcus dispersus were abundant. 
The blue-green alga Oscillatoria Agardhii made up much the largest part of the Cya-
nophyceae biomass in these eutrophic waters (more than 90 % in Lappdalsfjärd st. IX). 
The following species were less abundantly represented in the inner waters: Aphano-
capsa delicatissima, Anabaena planctonica, Anabaenopsis sp., Merismopedia punctata and 
M. tenuissima. Coleosphaerium Naegelianum may be mentioned from Halikonlahti 
(st. VIII). 
OBSERVATIONS ON THE POLLUTION OF THE AREA 
Hydrographic and biological data indicated that no eutrophication had occurred in 
the outer archipelago and Bromarfvik (sts. III, XIII, XII, XI and I, II). The first 
signs of this process could be observed at the margin of the inner archipelago, sts. 
IV and X; the Iatter is apparently influenced by the water masses of Paimionselkä, 
which receive wastes from the densely populated areas of Pargas/Parainen, Paimio 
and Turku/Åbo. At the stations off the inner shores of Kimito evidence of pollution 
is found in the high phytoplankton volumes and chlorophyll a values, and in the 
low oxygen values of the bottom waters. Fairly clear limits between the inner water 
masses and the outer unpolluted oligotrophic waters could be seen east of Kimito 
southwest of the island Finby, and northwest of Kimito between Kimito and the 
island Attu. 
It may be pointed out that the composition of the phytoplankton in the eutrophic 
waters off the inner shores of Kimito (particularly the occurrences of the blue-green 
algae Oscillatoria Agardhii, O. liru'ntica, Anabaenopsis sp.) was very similar to that of 
the highly eutrophic inner waters of Helsinki during the late summer. The extra- 
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ordinary phytoplankton bloom which developed outside Oulu (Gulf of Bothnia) in 
the late summer of 1969 was also made up of much the same phytoplankton species'). 
Phytoplankton of this type seems to characterize the eutrophic inner coastal waters 
of Finland in late summer. 
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DYNAMICS OF PHYTOPLANKTON PRIMARY PRODUC-
TION AND BIOMASS IN LOVIISA ARCHIPELAGO (GULF 
OF FINLAND) 
Pauli Bagge and Åke Niemi 
Institute of Marine Research, Helsinki 14, Finland 
Phytoplankton primary production and biomass at two sampling localities 
situated in the Loviisa archipelago were studied during the years 1967-69. 
Primary production was measured mainly by the in sila carbon-14 technique 
(Steemann Nielsen, 1952) and quantitative analyses of phytoplankton were 
usually made once a month during the growing season. No linear correlation 
was observed between production and biomass values. The data of primary 
production and phytoplankton obtained in the Loviisa area are compared with 
those available from other areas situated on the northern coast of the Gulf 
of Finland. The magnitude of production (ca. 30-40 g C (ass.)/m2/year) and 
the succession and biomass of phytoplankton in the Loviisa area were found 
to be typical of the oligotrophic waters of the south coast of Finland. 
INTRODUCTION 
Phytoplankton primary production and biomass at two sampling localities situated 
in the Loviisa archipelago were studied during the years 1967-69. The aim of the 
investigations was to elucidate the intensity and seasonal fluctuation of in situ primary 
production, the correlation between primary production and phytoplankton biomass, 
and the degree of eutrophication of the waters studied. An effort was also made to 
discover relationships between the phytoplankton primary production and some 
environmental factors, such as light, temperature, pH, stratification of the. water 
masses and orthophosphate content of the water. The data of primary production 
and phytoplankton obtained in the Loviisa area are compared with those available 
from other areas situated on the northern coast of the Gulf of Finland. Bagge is 
responsible for the field work and primary production data, while the analyses of 
phytoplankton are contributed by Miss Raili Koskinen (M.Sc.) and summarized and 
discussed by Niemi. 
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MATERIAL AND METHODS 
1. Hydrography and primary_.production 
The measurements of primary production and samplings of plankton were made usually once a 
month, as follows: in 1967 during the period from April to November, in 1968 from May to Novem-
ber and in 1969 from June to October. 
Water samples were collected from selected depths with a 0.7 1 Ruttner sampler, provided with 
a mercury thermometer. Measurements of salinity, orthophosphate, total phosphorus and, in some 
cases of pH were made in the laboratory of the Institute of Marine Research by the standard methods 
of the Institute. Some pH measurements were made in the field with a pH meter Metrohm Herisau 
E 444. 
Total CO., values (mg/l) were calculated from the formula and diagrams of Buch (1945), which 
are especially applicable for the waters of the Gulf of Finland. 
Primary production was measured mainly by the in situ carbon-14 technique (Steemann Nielsen, 
1952), with a few modifications (e.g. omitting the HCl treatment of the filter residues). Water samples 
were usually collected at noon from selected depths and dispensed into 100 ml Labor Therm glass 
bottles. NaH1 CO3 ampoules having a specific activity of. 1,microcurie were provided by the Depart-
ment of Limnology of the University of Helsinki. The activity of the ampoules was measured by 
Mr. Pasi Lehmusluoto (Lic. phil.) and compared with the standards from the International C-14 
Agency,. Charlottenlund, Denmark. Dark bottles were used in addition to light bottles at different 
deptl}s "(usually 0.5, 1.5, 3, 5, 7.5, 10 and 12 m). The bottles were exposed in a vertical position at 
the sarrmpling depths. After 24 hours the photosynthesis in the bottles was stopped by adding 1 ml 
concentrated, formalin. The whole contents of the. bottles were filtered on membrane filters (pore 
size 0.45)1) and the radioactivity of the residues on the filters was determined in the Institution of 
Radiation, Physics, Helsinki. In addition to the series of in situ._carbon-14 measurements, some parallel 
constant-light series were made in tanks (at 19°C, 4 000 lux) at the Water Protection Laboratory 
of Rajasaari, Helsinki. 
2. Phytoplankton biomass 
Water samples of 100 ml for quantitative analyses of phytoplankton were collected in connection 
with the production measurements. The samples were preserved in 1 % formalin. For counting, 
50 ml was allowed to settle (if. Utermöhl, 1958). Sedimentation time varied from 16 to 18 hours. 
An inverted microscope (Zeiss Opton: ocular x 8, objective-Ph 2 40/0.65) was used. In routine 
counts .50 :or: 100 randomly chosen fields of vision were studied. With the magnification used it 
was possible to identify most of the armoured species. Some of the unarmoured species (particularly 
the non-Utermöhl plankton, ef. Throndsen, 1969) could not be exactly identified in the preserved 
material. Calculations of cell surface areas and cell volumes were based on the average dimensions 
of each species. Since the specific gravity of algae is ea. 1, the volume values Fell can be converted 
to biomass values mg/l. 
The surface area of.an alga gives a good idea of the biomass (Paasche, 1960) but it should be 
remembered that the area is calculated from simplified geometrical figures, and that the values 
obtained.for species with processes (e.g. Peridiniura, Chaetoceros, Scenedernas etc.) will consequently 
be too small. Since determinations of phytoplankton and primary production could be made only 
at selected depths, the values of other depths in the trophogenic layer were interpolated graphically. 
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THE STUDY AREA 
The sampling stations, Hästholmsfjärd 1) and Hudöfjärd, are situated in the archi-
pelago zone off the town Lovisa/Loviisa (Fig. 1). The basins of Hästholmsfjärd and 
Hudöfjärd are partly isolated from the Gulf of Finland by shallow sills, the sill depths 
being 7 and 8 m, respectively. An investigation carried out in the area on August 9, 
1966 (Bagge & Voipio, 1967) showed that Loviisa Bay, situated north of Hudöfjärd, 
was clearly polluted by effluents from the town and that bottoms with a high content 
of hydrogen sulphide and poor fauna were common in the bay. Similar bottom 
conditions were also observed in the deepest parts of Hdstholmsfjärd and Hudöfjärd. 
The main reason, however, for the disturbed bottom conditions in the relatively 
Fjärd = Swedish word for open stretches of water in archipelagos. 
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deep basins was assumed to be the retarded exchange of water. Continued investi-
gations_ of the bottom conditions and fauna of the area during the years 1967-68 
(Bagge & Ilus, unpubl.) support this conclusion. 
Since the Loviisa area is situated on the northern coast of the Gulf of Finland, 
the general hydrographic and climatic conditions of the gulf largely determine the 
corresponding conditions of the area. As was shown earlier by Buch and Gripen-
berg (1938), Buch and Halme (1946) and Buch (1948), the productivity of the waters 
of the Gulf of Finland is higher than that of the waters of the Gulf of Bothnia. This 
is considered to be due to the rich supply of nutrients entering the trophogenic 
layer of the Gulf of Finland with upwelling water masses, especially on the northern 
coast of the gulf. The intensity and dynamics of the upwelling are discussed by Hela 
(1946) and Sjöblom (1967), among others. The content of total phosphorus of the 
surface water of the Gulf of Finland was shown by Voipio and Särkkä (1969) to be 
relatively high, compared with other Finnish coastal areas. This may be partly due 
to the upwelling phenomenon and partly to the heavy load of human effluents, 
especially sewage, entering the Gulf of Finland from the large towns (cf. ICES Report, 
1970). 	 . 
HYD RO GRAP H' 
The vertical distribution of some hydrographic parameters along the longitudinal 
section of the study area on August 9, 1966 is presented by Bagge & Voipio (1967). 
Low nutrient contents in the trophogenic layer, a sharp thermocline and relatively 
low oxygen contents near the bottom are typical of the basins during the period 
of summer strafication. 
In this investigation records were made of the seasonal fluctuations of temperature, 
salinity, pH, orthophosphate and total phosphorus contents at the two sampling 
stations. Some of these parameters are presented in Fig. 2. In 1967 the salinity was 
relatively low and the temperature high even near the bottom. The salinity and 
temperature data •for 1968 show that on several• occasions saline subsurface water 
from the Gulf of Finland flowed over •the sills into the archipelago (only one saline 
influx could be detected in July 1967). In 1969 such influxes were still more numerous. 
The presence of melt water is observed every spring and it causes a remarkable 
drop in the salinity values of the surface water. The melt water may have a very 
high content of suspended particles, as was observed in April 1967. The highest 
pH values of the surface water are observed during the maximum of the phyto- 
plankton biomass in May — early June. In winter the pH values are seldom higher 
than 7.8. 
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The orthophosphate values of the surface water in winter range from 15 to 
20 mg/mg. During the first weeks after the break-up of the ice, the PO,-P values 
of the trophogenic layer sink below ca. 2 mg/m3. This low level was maintained 
during the whole summer in 1967, but in Hudöfjärd in 1968 there were fluctuations 
in the PO,-P contents in connection with the influxes of deep saline water from 
the areas outside the archipelago. The orthophosphate contents reach their winter 
level in November-December, when the thermocline disappears. The amount of 
total phosphorus in the surface water also shows great fluctuations. In 1968 the 
total phosphorus contents in Hästholmsfjärd ranged from 11 to 42 mg/m3; the 
corresponding values for Hudöfjärd were 7-49 mg/me. In 1969 the values were 
7-60 mg/ma and 7-46 mg/m3, respectively. 1) 
RESULTS 
1. PRIMARY PRODUCTION 
Phytoplankton primary production (mg C (ass.)/m3/day) at the two sampling stations 
during the period April 1967—October 1969 is shown in Fig. 3. The assimilation 
values, expressed as mg C/m'/day, are presented beside the columns in the figure. 
The dark assimilation (fixation) values have been subtracted from the gross values; 
thus the figures show the approximative net production per cubic metre (cf. Fogg, 
1967). 
Maximum values for primary production (about 400 mg C (ass.)/mlf day) were 
recorded at both stations about two weeks after the break-up of the ice in 1968. 
After the maximum in May a clear minimum was seen in June and a weak secondary 
maximum in August-September. In October-November the assimilation values 
rapidly decreased to about 1/4 of the summer values. The values of 1969 deviate 
somewhat from this pattern; in particular, the summer values were higher than in 
the two preceding years. 
The major part of the organic matter seems to be produced in the depth zone 
of 0-3 m. The trophogenic layer was usually deeper than 7.5 m; the maximum 
depth of this layer was observed in June-July. 
The two measurements of primary production carried out in the study area 
under the ice cover, on April 3, 1967 gave very low values (Fig. 4). The tank experi-
ments gave higher assimilation values than the in sisu measurements. 
1) In some cases the preservation of the samples in plastic bottles for several weeks before determining 
total phosphorus may have influenced the results. 
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Fig. 3. Phytoplankton primary production (mg C (ass.)/m3/day) at the two sampling stations during 
the time April 1967—October 1969. The assimilation values, expressed as mg C (ass.)Im2/dav, are 
presented beside the columns above the sampling dates. 
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Fig. 4. Carbon assimilation values in sitar (black) and in tank experiments in April 1967 (on April 3, 
the sea was covered with ice). 
Owing to the rather small number of measurements, especially in spring, the 
annual primary production of phytoplankton in the study area cannot be exactly 
determined (cf. also Spodniewska, 1969). However, since such estimates are of great 
importance for the evaluation of the natural resources of the sea, we have made 
some rough calculations (Table 1). The values of primary production measured in 
each month are taken to represent the mean daily value for that month. The values 
measured in April 1967 and May 1968 have been taken to represent the values of 
these months in both the other sampling years. The winter production seems to 
be so low that it can be excluded from the calculations. 
TABLE 1. Monthly and yearly primary production (g C (ass.)/m2) at the two sampling stations 
1967 1968 1969 
Period ~E 
1 2 t 2 1 	 1 2 
April 20-May 5 	.......... 	(15) 1. o ~ 	0.7 1. o 0. 7? 1.0 0.7? 
May 	5-,May 31 	........... 	(25) 10.4 10.7? 10.4 10.7 10.4 10.7? 
June 	...................... 	(30) 3.3 5.9 3.t 5.a 8.7 9.7 
July 	...................... 	(31) 3.9 6.0 5.2 4.0 7.2 8.5 
August 	................... 	(31) 4.2 2.2 6.4 6.9 2.4 5.4 
September 	................. 	(30) 4.5 4.8 1.8 3.7  2.2 3.5 
October 	................... 	(31) 1.7 2.3 1.7 2.3 2.5 3.9 
November 	.................. 	(30) 0.7 0.5 1.2 0.7 1.0 0.7? 
Total production of year) 29.i 33.1 30.8 35.3 1 	35.4 I 	43.0 
Explanations: area 1 = Hästholmsfjärd, 2 = Hudöfjärd, numbers in brackets = number of days 
within each period. 
As seen in Table 1, the annual production in the study area is about 30-40 g Cam". 
One-third of this amount is produced during the spring bloom of phytoplankton. 
For no. 5 months of the year the daily production/m= exceeds 0.1 g. The production 
values of Hudöfjärd are in general 10 to 20 % higher than those of Hbstholmsfjärd. 
The production values of both sampling stations were of almost the same order of 
magnitude in 1967 and 1968. In 1969 there was a clear increase of production. The 
reasons for the differences in the production values between the two stations and 
between different years will be discussed in the following sections. 
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2. PIYTOPLANKTON BIOMASS AND COMPOSITION 
The • relative occurrence of the phytoplankton groups (expressed as volume per-
centages) at different times and depths at the two sampling stations is presented in 
Fig. 5. The main phytoplankton species and groups found in the area are listed in 
Appendix pp. 39-41. 
Since the size of the algae may considerably influence the estimation of their 
abundance (cf. Purasjoki, 1947) the relative abundance values presented in Appendix 
are rather subjective. As the life span of many algae is short, the number of samplings 
in the area is also too small to give an exact idea of the successions. Thus only the 
main trends can be discussed. 
In the succession of the phytoplankton species and groups in the area, the following 
periods (stages) can be distinguished: pre-vernal stage (the period immediately before 
and after the break-up of the ice), vernal maximum, summer minimum, early autumnal 
stage, later autumnal stage and winter minimum. The volume of algae, as cm3/m2, 
and the surface area, as cm°/m", in a 10 m long water column, and the most abundant 
phytoplankton species of the different successional stages are presented below (cf. 
a]so Figs. 5 and 6). 
Pre-vernal stage 
— volume values were very small, ranging from 0.5 to 16.0 cm3/m' in Hästholmsfjärd 
and from 0.9 to 10.0 cm'/m" in Hudöfjärd 
— surface areas ranged from 1 320 to 32 400 cm2/m2  
the phytoplankton consisted of some unarmoured flagellates and of spring diatorns, 
which were just beginning to develop. 
Vernal maximum 
volume values reached their maximum; in May 1968 they were ca. 164-235 
cm'/m-, at the beginning of June 1967 ca. 67-99 cm3/m"- and at the beginning 
of June 1968 32-190 cm3/m= 
— surface area values were also very high, ranging from 80 000 to 625 000 cm"/m" 
— inest abundant species in May 1968 were Chaetoceros spp., Thalassiosira baltica, 
Sceletonema costatum, Diatorva elongatum, Melosira arctica, Achnanthes taeniata, and the 
dinomonad Goniaulax cateaata. In June Sceletonema and Diatoma were still abundant, 
but Goniaulax and some spring diatoms were beginning to disappear. The species 
composition of the phytoplankton during the vernal maximum in the Loviisa 
area corresponds to that of the marine diatom—Con/au/ax community (Väli -
kangas, 1926). 
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Fig. 5. Seasonal and vertical distribution of different phytoplankton groups expressed as volume 
percentages, and fluctuations of biomass values (g/m2) and carbon assimilation values (mg C/m2/day) 
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Summer minimum 
— volume values were small, ranging from 2.1 to 11.9 cm' /m=; they were usually 
greater in July than in August 
— surface area values ranged from 9 200 to 36 500 cm= /m" 
— the phytoplankton community was made up of several different groups of algae. 
In 1967 the diatoms (Stephanodiscus, Cyclotella, Chaetoceros, Diatoma and Sceletonema) 
were dominant, while in 1968 the blue-green algae (Aphan omenon flos-aquae and 
Gornphosphaeria sp.) were more abundant. Especially characteristic of this period 
is the abundant occurrence of nannoplanktonic algae (green algae as Carteria sp., 
Scenedesmus, Ankistrodesmus, and cryptomonads and chrysomonads) in the surface 
water. These small species decrease the volume/surface ratio of the phytoplankton. 
In deep water layers the volume/surface ratio was increased by the more abundant 
occurrence of some big algae, such as Actinocyclus, Coscinodiscus and Dinophysis. 
Early autumnal stage 
— volume values were somewhat higher than in summer, ranging from 10.5 to 
33.0 cm3/m' (except in Hästholmsfjärd in September 1968, when they were only 
1.6 cm3/m2) 
surface area values were slightly higher than earlier, ranging from 29 000 to 
60 000 cm" /m" 
— in 1967 the blue-green algae (Gomphosphaeria) were most abundant, in 1968 the 
diatoms and dinoflagellates (Dinophysis ovum) made up the major part of the 
biomasses. 
Late autumnal stage 
— volume values were low in November, ranging from 4.1 to 12.2 cm3/m' 
— surface area values ranged from 11 600 to 22 000 cm=/m2 
— the diatoms (Sceletonema, Chaetoceros, Thalassiosira, Cyclotella, Melosira arctica and 
Diatorva elongatum) were most abundant though Gomphosphaeria still occurred. 
DISCUSSION 
1. RELATION BETWEEN CARBON ASSIMILATION VALUES • AND 
PHYTOPLANKTON BIOMASS 
The activity coefficient (cf. Findenegg, 1965, Tailing, 1969) expresses the relation 
between primary production and phytoplankton biomass- (ratio: mg C (ass.)/per m" 
and day/mg fresh weight of phytoplanlcton per m3). The activity coefficients (P/B 
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ratios) in the layer of maximum production during 1967 and 1968 are plotted in 
Fig. 7.~If.all l the records are considered, there seems to be no Iinear correlation between 
production and biomass values. In May and June both parameters are high. Records 
in July-August show high assimilation values but relatively low biomass values, 
which give high P/B ratios. The phytoplankton community during that period 
consists of small nannoplankton species (mainly monads). These have a relatively 
large surface, which facilitates the uptake of nutrients (cf. Findenegg, 1965). Com-
pared with that of many larger algae the life span of nannoplankton species. is short, 
the turnover of nutrients in the community is rapid and is also accelerated by high 
temperatures. 
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Fig. 7. Relation between primary production values and phytoplankton biomass values (PJB ratios). 
For explanations see the text 
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The November values represent a third type of production, where both the bio-
masses and assimilation values are-low. As seen in the figure, the activity coefficients 
are rather scattered in September, probably-owing to differences in the biomass values 
between the two sampling stations. At the beginning of the diatom bloom in April 
the activity coefficient is higher than at a later stage of the bloom, probably because 
at the later stage the phytoplankton community may contain many neutral and inactive 
algae (for terms, see Soeder, 1965). 
We also plotted a P/B diagram using the ratio primary production values/total 
surface of phytoplankton, but the results did not differ essentially from the above-
mentioned. 
2. BIOMASS, PRODUCTION AND ENVIRONMENTAL FACTORS 
The main factors influencing production in the sea are light, temperature, strati-
fication of water masses, nutrients and the composition and physiological condition 
of the phytoplankton communities (cf. Findenegg, 1965, Vollenweider, 1969, among 
others). Steemann Nielsen (1965) emphasizes the importance of grazing by zoo-
plankton as a factor regulating phytoplankton. However, in view of the complexity 
of the various environmental influences, it may be somewhat misleading to restrict 
attention to any single factor. It must also be remembered that the phytoplankton 
community at a certain time of sampling is the result of the conditions prevailing 
earlier, whereas the assimilation depends on both the current and the previous 
conditions (cf. Arnemo & Nauwerck, 1965). 
As mentioned above the production under snow-covered ice was very low (cf. 
Fig. 4). Similar results have been obtained by Lehmusluoto (1968) from waters off 
Helsinki and by Niemi (unpubl.) off Tvärminne. These results from the coast of 
Finland confirm earlier observations that the absence of light under snow-covered 
ice effectively limits primary production. The depth of the trophogenic layer is 
greatest in June-July (Fig. 3), when the incoming solar radiation is high and the 
phytoplankton biomass relatively small. The trophogenic layer gets shallower towards 
the autumn with decreasing solar radiation. During bright days in summer the layer 
of maximum production was sometimes observed at a depth of 1-3 m, and not 
at the very surface as during other seasons. This indicates that high light intensity 
has an inhibiting effect on the photosynthesis of some planktonic algae (cf. Steemann 
Nielsen, 1958). 
Temperature does not directly affect primary production to any marked extent 
(Steemann Nielsen, 1955, 1965), although it influences the succession and compo-
sition of phytoplankton and regulates the turnover rate of nutrients. The phyto-
plankton activity coefficient (P/B ratio) presented in Fig. 7, is highest in July-August 
when the temperature of the trophogenic layer is high. Although an increase in 
temperature may accelerate the turnover of nutrients and favour production, the 
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sharp stratification of water masses caused by differences in temperature and salinity 
is unfavourable to production, since it inhibits the transport of nutrients from deeper 
water to the trophogenic layer. Long calm periods with stable stratification may, 
however, be favourable for the development of the late summer bloom of blue-green 
algae, which are not as dependent on the phosphates and nitrates of the trophogenic 
laver as some other algae (cf. Buch and Gripenberg, 1938). 
As seen in Fib. 2, the summer stratification of the water masses, especially in 
Hudöfjärd, is sometimes partly disturbed by influxes of more saline water from 
regions outside the archipelago zone. The influxes can be traced by increases in 
salinity values, even in the surface water, and by simultaneous changes of tempera-
ture. During the influxes a clear increase in the orthophosphate contents is usually 
seen in the bottom water; an increase of orthophosphate in the trophogenic layer 
could only be detected in July 1968, in Hudöfjärd, probably because the algae rapidly 
consume the incoming nutrients. In order to trace this process, samples would have 
to be taken more frequently. Favourable effects of the influxes may possibly be 
revealed by the primary production values for July 1967 and August 1968, especially 
those of Hudöfjärd (Fig. 3). The high level of the thermocline and periodically high 
salinities in 1969 indicate that there were several strong influxes during that year. 
It is possible that the exceptionally high values of primary production observed during 
1969 are at least partly due to nutrients which entered the area with the influxes. 
In addition it should be noted that the total amount of solar radiation in 1969 was ca. 
10-15 % higher than in the two preceeding years (cf. Ilmatieteen laitos, Kuukausi-
katsaus, 1967-1969). 
3. COMPARISON OF THE SAMPLING SITES AND SAMPLING YEARS 
As seen in Figs. 3, 5 and 6, the biomass and production values of Hästholmsfjärd 
and Hudöfjärd are of almost the same order of magnitude, but there are also differ-
ences between the sampling sites, especially during the influxes of saline water. The 
phytoplankton communities in both areas are composed of species typical of brackish 
water (Appendix), but limnic species are also richly represented. The differences bet-
ween the two sampling localities can be summarized as follows: 
— the annual primary production of Hudöfjärd is ca. 10-20 % higher than that of 
Hästholmsfjärd. Particularly in spring the phytoplankton biomasses are higher in 
the former area. In 1967 the autumnal maximum of phytoplankton was more 
apparent in Hästholmsfjärd than in Hudöfjärd 
— the trophogenic layer is deeper in Hudöfjärd 
— the activity coefficient of phytoplankton seems to be higher in Hudöfjärd, 
especially in spring and early summer 
— green algae seemed to be commoner in Hästholmsfjärd (except in autumn 1967), 
while Dinophysis was more abundant in Hudöfjärd. 
18068-70 
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Possible reasons for the differences between the sampling localities may be found 
in the hydrographic conditions. Hästholmsfjärd represents a rather isolated body of 
water with a stable thermocline in summer, lower salinity and a more rapid warming 
up of the surface waters in spring. Hudöfjärd is more open and more marine, the 
thermocline in summer is less stable owing to influxes of saline water and the 
ouflow of surface water from the inner more eutrophic Loviisa Bay. The renewal 
of water is more rapid in Hudöfjärd than in Hästholmsfjärd (cf. Bagge & Voipio, 
1967) and consequently the replenishment of nutrients is evidently more effective 
in the former area. 
The following observations can be made regarding the different study years: 
— primary production values were highest in 1969, probably owing to numerous 
influxes of saline water and favourable meteorological conditions 
— the composition of the phytoplankton communities showed variations between 
the years 1967 and 1968. Autumn 1967 was characterized by large amounts of 
blue-green algae, but in autumn 1968 dinoflagellates and green algae dominated. 
Summer 1967 was characterized by diatoms while in 1968 blue-green algae were 
more abundant. Dinophysis was commonest in summer and autumn 1968. Golen-
kinia rad/cia, Paulschultria sp. and euglenomonads were noted only in 1967 and 
Merisriopedia tenuissima and Dicij'osphaerium sp. only in 1968. 
4. COMPARISON WITH OTHER AREAS ON THE SOUTH COAST OF 
FINLAND 
In the Gulf of Finland the areas in which the plankton has been studied most are 
the waters outside Helsinki and the Hanko/Hangö-Tvärminne area at the mouth 
of the gulf. Since 1966 extensive studies of primary production of phytoplankton 
have been made by Lehmusluoto (1968) in the waters off Helsinki. He showed that 
the innermost bays of Helsinki are heavily eutrophied, having an annual production 
of ca. 150-200 g C/m=. The production values of the waters off Helsinki gradually 
decrease towards the open sea reaching a level of ca. 30 g C/m2/year at the border 
of the open sea near the island Katajaluoto (c, f. Bagge & Lehmusluoto, 1971, Fig. 2). 
The cycle of production and the succession and abundance of phytoplankton near 
Katajaluoto correspond to those found in the waters off Loviisa. As regards the 
trophic status of the waters off Helsinki, Lehmusluoto (1968) classified the waters 
near Katajaluoto as oligotrophic. The waters off Loviisa discussed in this study seem 
to belong to the same category. 
Only a few data have been published on the primary production in other areas 
on the south coast of Finland. Buch (1948 and 1954) estimated the assimilation of 
carbon during the vernal bloom of diatoms in waters off Hanko and Utö as ca. 21 
and 13 g per m', respectively. The former value is calculated from the orthophosphate 
contents of the surface water layers before and after the maximum production. In 
the calculations of assimilation near Utö, Buch used both orthophosphate, CO. and 
oxygen values. Nehring, Schulz and Rohde (1969) measured the daily production 
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of waters of the northern part of the Bothnian Sea in the period May 7-12, 1967. 
They obtained higher production values by the carbon-14 method (330 mg C (ass)/ 
m2Jday) than when they estimated production from nitrate and chlorophyll values 
(200-290 mg C/m-/day). 
If we consider that the ratio of the primary production during the vernal diatom 
bloom to the annual production is ca. 1/3 in oligotrophic coastal waters (as was 
observed in the Loviisa area), the annual production in the waters off Hanko and 
Utö can be estimated as ca. 60 and 40 g C/m'. Compared with Hubel's (1968) meas-
urements of primary production in the southern Baltic and similar measurements 
made by Steemann Nielsen (1965) in Danish waters, the production values measured 
on the south coast of Finland are low. In Winberg's (1961, cited by Hubel, 1968) 
classification of the oceans according to production, the south coast of Finland may 
be included in class III, where the annual primary production ranges from 35 to 
70 g C/m=. 
The seasonal development and succession of phytoplankton in the Loviisa area 
show features typical of other oligotrophic coastal waters of southern Finland (cf. 
Välikangas, 1926, Buch & Gripenberg, 1938, Halme, 1944, and Buch, 1948 and 
1954). After the break-up of the ice a vigorous vernal bloom of diatoms develops 
and causes a depletion of nutrients which is reflected in the summer minimum of 
phytoplankton. In the late summer or autumn a second, smaller phytoplankton 
maximum is often caused by blue-green algae (chiefly _Aphani,omenon filos-aquae). By 
Helsinki Välikangas (1926) observed this type of phytoplankton development only 
in the outer western waters, where no eutrophication was apparent. A comparison 
of phytoplankton biomass values from the Loviisa area with corresponding values 
from the waters off Helsinki during the years 1967 and 1968 (Water Protection Labo-
ratory of Rajasaari, Helsinki, 1967 and 1968), shows that the spring maximum values 
of the surface water of the Loviisa area (ca. 12-40 mg/1) are of the same order of 
magnitude as the values of the outer archipelago off Helsinki, between Lauttasaari 
and Katajaluoto (Bagge & Lehmusluoto, 1971, Fig. 2). During the summer minimum 
of phytoplankton, the biomass values in the Loviisa area range from ca. 0.1 to 2.0 mg/I 
and are of the same order of magnitude as those observed off Helsinki, near Kataja-
luoto. These comparisons indicate that there is no apparent eutrophication in the 
waters studied in the Loviisa archipelago. The succession of different phytoplankton 
groups in the outermost fjärds off Helsinki and in the Loviisa area is very similar. 
By Helsinki, however, Goniaulax catenata seems to be less abundant in spring, and 
in late summer the second phytoplankton maximum is mainly made up of Aphani~o-
snenonesos-aquae (Gonphosphaeria sp. was more abundant at that season in the Loviisa 
area). The blue-green alga Oscillatoria Agardhii, which seems to be abundant in the 
innermost bays of Helsinki and which is considered one of the indicator species of 
eutrophic coastal waters (Välikangas, 1926, Water Protection, Laboratory of Raja-
saari, Helsinki, 1968, Niemi, 1971) occurred very sporadically in the Loviisa area 
and in the outermost fjärds off Helsinki. 
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Although the magnitude of production and the succession and biomass of phyto-
plankton in the Loviisa area are typical of the oligotrophic waters of the south coast 
of Finland, the occurrences of some algal species may indicate a weak eutrophication. 
Among such species are: Sceletone>ria costatiim, Rhi.osolenia mini>na, and small types of 
Chaetoceros spp (cf. Välikangas, 1926, Niemi, 1971) and also Melosir a oranulata, Step-
hanodiscus Hant~schii, Cyclotella Meneghiniana, Fragilaria crolonensis, Asterionella forrraosa, 
and green algae as Scenedesmus spp., Dictyosphaeriurn sp., Goletikinia radiota, tj/licr-actr-
nium pusillum, Gloeocystis sp., and Lagerheimia tetraedriensis. 
SUMMARY 
The seasonal and annual fluctuations of the phytoplankton primary production and 
the biomass and succession of phytoplankton in rather isolated waters in the Loviisa 
archipelago were studied during the years 1967-69. Several stages of succession 
were distinguished each having a typical species composition, biomass and level of 
primary production (Table 2 below). 
TABLI.E 2 
Dcv clgpment of 	 Biomass 	Production 	Ratio 1) 
phyropi nkron g/m= mg/m=/day 	P/B 	 Composition of phytophankton 
pre-vernal stage 
(Apsil; 1967) ...... 
vernal maximum 
(June, 1967) ....... 
vernal maximum 
(May—June, 1968) 2) 
summer minimum 
(July—August, 1967) 
summet minimum 
(July—August, 1968) 
early autumnal stage 
(Sept. Oct., 1967) 
early autumnal stage 
(Sept., 1968) ...... 
late autumnal stage 
(November, 1967- 
0.5-16 2 -62 0.005-0.030 
67 -99 	~ 111 -196 0.003 -0.004 
164 -235 	180 -409 0.002 -0.013 
2.1 -7.2 	1 	69 -195 0.040 -0.381 
4.3-32 ' 102-221 	0.041-0.591 
10. 5-33.1 56-160 0.0 07-0.075 
1.6-24.4 59-123 0.017-0.062  
developing marine diatom -Gona r/as 
community 
late diatom-Goniaclaz community 
late diatom-Coo/au/ax community 
small monads and other nanno- 
planctonic algae of different 
taxonomical groups, diatoms 
abundant 
small monads and other nanno- 
planctonic, algae of different 
taxonomical groups, blue-green 
algae abundant 
diatoms and green algae importans 
in September, blue-green algae in 
October 
dinoflagellates and green algae 
abundant 
1968) ...........I 4.1-12.2 	15-40 	0.00s-0.oss diatoms, blue-green algae and dino- 
flagellates of varying importance 
1) Ratio P/$ = ratio of production mg C/m2 per day to phytoplankton biomass mg/m3 in the layer 
of maximum production. 
"-) The values measured at Hästholmsfjärd on June 6, 1968, were plotted among those of the summer 
minimum (1968) because biomass had already begun to decrease. 
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The annual primary production of phytoplankton in the study area in 1967-68 
was ca. 30 g C (ass.)/m2.  About 1/3 of this amount was produced during the vernal 
bloom of phytoplankton. In 1969 the annual primary production was estimated 
as ca. 40 g C/me. The increase of the production in 1969 is assumed to be connected 
with the fact that weather conditions were more favourable and the stratification of 
the water masses in the basins studied less stable than in the foregoing years. Although 
the magnitude of the primary production and the succession and biomass of phyto-
plankton in the study area are typical of the oligotrophic coastal waters of the Gulf 
of Finland, the occurrence of some algal species points to a weak eutrophia.tion  of 
the waters studied. 
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APPENDIX. The main phytoplankton species and groups found in the study area in 1967-68 
The meanings of the figures used in the table to indicate the abundance of the species in the samples are as follows: 1 = one or two observations of 
the species per sample, 2 = some observations, 3 = scattered occurrence, 4 = abundant occurrence and 5 = the species is clearly dominant. A line 
below the figure means that the species yvas observed mainly in the surface water (0-3 m);kfigures in boldface) mean that the species occurred in 
deeper water (5-12 m). 
I = Hästholmsfjä rd 
2 = Hudöfjärd 	Date 
1967  _ 1966  
3.4 26.4 6.6 8.7 16.8 7.9 12.10 13.11 15.5 6.6 17.7 i 	6.8 10.9 6.11 
Sampling stations 12 12 12 12 12 12 12 12 12 1 	12 12 1 	12 12 12 
Chroocoar(s 	sp. 1) 	......................I 3 1 2 1 2 
Gomphosphaeria 	sp. 2) 	.................. 1 1 3 4 4 3 2 .1 2 3 2 2 3 3 2 2 3 
illerismopedia lentåssinia Lemm. 	......... 1 2 3 3 
Microcyslis aeruginosa 	Klutz . 	............. 1 3 1 2 
Anabama 	sp. 3) 	.......................  1 1 
~4pbaniao~ueuwr floc-aquae (L.) Ralfs 	..... 1 1 1 1 2 3 2 2 1 3 2 3 3 4 2 
Lyngbya Bunne!ta Lemm................ 2 3 2 1 1 2 1 
Oscillatoria Agardhli Gom . 	............ 1 2 1 2 
O. 	1ium,re1Xa 	Lemm . 	................... 1 2 1 3 2 2 2 4 4 2 2 
O. pIaic!arica 	\K/olosznska 	............ 1 
PbosridiiaIe 	nnuitoIa 	Hub.-Pesta!ozzi 	et 
Naura . 	............................ 3 
Diiiabyols bavaritua Imhof 	............. 1 
D. 	Borgei 	Lerram . 	..................... 2 1 
D. 	divergens 	Imhof 	.................... 2 2 
D. 	sociale 	Ehrb . 	...................... 1 
D. 	nreciunm 	Lemm.................... 1 1 1 
Cbrysoplyceae 't)  3 2 5 4 3 3 1 3 3 4 2 3 1 1 2 1 4 4 4 3 3 4 3 3 
Ebria triparlila (Schum.) Lemm. 	....... 4 4 5 4 3 3 1 3 3 4 2 3 1 1 4 3 4 4 4 3 3 4 3 3 
Slenokal x s 1 1 1 2 
Gyromilus 	sp .......................... 2 1 
cryptomonads 	........................ 1 4 4 5 4 22 1 3 1 3 3 1 4 5 5 4 44 43 3 2 12 
Gotyyo.rcaairag 	sp . 	...................... 1 1 
Diuoplysis ovum 	Schutt 	................ 1 1 3 4 4 2 2 3 3 3 4 2 2 
Gynpiodiiiiaceae 	Lemm . 	................. 1 2 1 2 2 1 2 1 
Peridir!iiirss niunsiidwm Pavillard 	......... 1 3 1 2 2 3 
Peridiniitm 	sp . 	........................ 2 1 1 1 2 
Gopiiaielax cateffiata (Lev.) Kofoid 	........ 1 4 5 4 4 4 4 4 5 
AttinocytIuu Ehrenbergii Ralfs ............ 1 3 1 1 2 2 
Chaeloceros 	daskat 	Cleve 	............... 2 
a, 0 
Date 
1967 19G8 
3.4 26.4 6.6 	8.7 16.8 	1 	7.9 	112.10 13.11 15.5 6.6 17,7 6.8 10.9 6.11 
Sampling stations 12 12 12 12 12 12 	12 12 12 12 12 12 12 12 
CGae1oceros seplenlriona/is 	Oestr. 	........ 3 1 3 2 2 
Chaetoceros 	sp. 	s) 	...................... 2 	4 5 1 	5 4 	I 4 2 4 2 3 	3 3 	3 3 4 5 4 3 4 2 1 	2 3 	1 1 	4 4 
CarcinodijcIir orir/os-iridIs Ehrb........... 1 
1 
Coscinodircus 	sp........................ I 1 1 1 
C)'c%!ella Meneghiniana Kutz. 	........... 2 3 2 1 2 2 2 3 1 	1 
Cyclote//a 	sp . 	........................ 1 1 12 23 32 2 21 12 22 21 1 	l 22 	~ 44 33 
Leplocy/indrar vmii/rionrs Gran 	............ 1 I 
Me/oj/ra arc//Ca (Ehrb.) Dickie 	......... 4 4 3 3 2 2 1 2 4 5 2 1 1 1 2 3 3 
M. Jnelgearii Agardh 	.... 	.. 	....... 2 1 1 
M. granolala (Ehrb.) 	Ralfs 	............ 3 1 2 1 1 
.1elosira 	sp . 	.......................... 1 1 3 1 2 1 1 
Rhl~osolenia minima Levander ........... I 1 1 
RhiZosoleuia 	sp . 	...................... 1 
Sceletone,ija costa/urn (Grev.) 	Cleve 	..... 1 4 3 5 5 	1 3 3 	' 4 2 3 4 4 	1 4 4 4 4 5 5 2 2 1 4 4 
Slepbanodiscus Han/ scbii Grun. 	........ 1 3 1 1 2 2 
slepbanodisen 	sp. ') 	.................. 3 1 3 3 3 3 	~ 2 3 3 3 1 I 2 3 
Thalassiosira ball /ca (Gran.) Ostenfeld 	). 3 4 5 	1 2 2 3 3 4 3 3 3 	! 3 3 4 2 4 2 2 1 	1 3 3 
Thalassiosira 	sp. 6) 	.................... 3 1 1 1 2 2 3 2 2 1  
Ac/manl3ec laeniala 	Grun . 	.............. 1 5 5 4 5 3 3 3 2 3 1 2 3 2 3 5 5 1 
Acbiiaiill)es 	sp . 	........ 	.............. 1 1 
Anvpbiil-ora paludosa W. 	Smith 	......... 1 1 1 1 1 
Amphora s . 	........... 	. 1 	i 2 1 2 2 1 	J 2 1 2 1 1 1 
Asteriouellx formosa Hassall 4 3 1 1 1 1 3 3 
Cocooneis 	sp........................... 1 1 I 1 1 1 
Cymbe/la 	sp............................ 1 1 1 1 1 1 1 	1 
.Djafioin 	etougalm,i (Lyngb.) Agardh 	.... 3 5 4 2 3 2 2 2 3 3 2 3 3 3 4 2 2 2 2 2 3 3 
Diatoana 	sp . 	..........................~~ 12 32 33 33 32 23 33 	' 23 3 23 11 	i 1 	1 1 22 
Epil/)emia 	sil ......................... ~ 1 1 21 
Fragilavia 	esaIaflensir 	Kitton 	........... 1 2 1 1 
Fragilaria sp. 	a) 	.......................I 2 1 2 1 2 ~ 2 2  22 	i 22 	~ 2 	I 22 3 	~ 2 1 21 
L cn opb r a 	sp . 	....................... 
nheuidiou 	sp . 	............ 	.......... 1 
.Ni12Sc%fia langIssirma (Breb.) 	Ralfs . 	. . 1 3 3 13 2 2 2 1 2 2 3 
N/i 	schia 	sp . 	..................... 1 1 1 1 2 3 	1 2 3 2 1 2 1 	~ 2 1 1 1 	1 1 1 2 2 
FLaic.o.rpGenia 	(,assula 	(Kiitz.) 	Grun. 	..... I 1  1 2 2 1 3 2 1 1 2 
0 
00 
1967 	 1968 
Date 	 3.4 26.6 	6.6 	8.7 16.8 	7.9 
~ 121
.10 1 13.11 15.5 	6.6 17.7 	6.8 10.9 6.11 
Sampling stations 	12 	12 1 12 	12 	12 	12 	2 	12 	12 	12 	12 	12 	12 	12 
Suu rella 
p. e.. ( Ralfs) Klutz........... ..... 	
1 	2 	1 1 	1 	 1 1 	3 	1 	1 	 1 1 
Syuedfa sp . .......................... 11 	23 	22 	2 	1 	12 	23 	2 	12 	1 	1 	1 	22 
Tabellaria fenestrala (Lyngb.) Dietz..... 	I 	 2 
naviculoid diatoms ............ ..... 2 	3 3 ~ 	3 	3 	2 1 	2 2 	3 3 	2 2 	1 3 	2 2 	1 1 	1 	2 1 
Ar,ki.r6!ode.!,ims fa/talas (Corda) Ralfs ... 	 1 	3 4 	1 
A. falcalhs v. mirabi/is W. et G. S. West 2 2 	1 1 'I 	1 	1 I 	 3 1 	2 
AnkisI,odesmnr spiralis (Turner) Lemm. 	1 2 	2 2 	3 3 	3 4 ' i 1 3 ! 3 3 	3 3 	4 4 	4 4 	4 3 	1 	2 2 
Carleria sp . .......................... 	I 	1 	44 	55 	33 	35 	34 	12 	34 	44 	44 	33 	33 	2 
Cbaracium gracillipes F. D. Lambert .... 1 
Ch/emydomonas sp. 	 1 	4 3 	1 	1 3 	2 	1 1 2 	 1 1 	 1 	 1 
Crecigenia quadra/a Morten ........... 	 1 2 
C. /e/raped/a (Kirch.) West & West .... 1 	1 
Cuncigenia sp ......................... 	 1 
Diclyospbaeriiow sp . ................... 1 1 3 1 	2 3 	1 	3 	2 ~ 
G/ococwlir sp . 	....................... 	 1 	2 
Goleakinia radiala (Chod.) Wille ........ 1 1 	1 	 1 ~  	 1 
Kircl aerie//a sp . ........................ 	 1 	1 3 2 
L agerheiwia leiraidrienis Roll .......... 1 
114icracliniuui p,ue/hnu F!esemius ........ 	 1 	1 
Pandorbia sp . ........................ 1 
Pa,(/sthullzia sp. .... 	 3 
Oocyliir Borgel Snow ................. 	 1 	1 1 	3 2 	2 3 ' 	3 3 	2 	 1 	2 2 	33 	2 3 	3 3 
0. cf. pasilla Hansgirg ............... 2 	2 1 	1 
OocysI/s sp ............................ 	 1 	I'~ 	2 	1 	1 	 1 	 1 
Scenedesmuc opoliensis P. Richter ........ 21 	 1 
Suencdcs/i
cuglenomonads 10) .................... 	 ~ 	3 4 	3 3 	2 3 	1 1 	
1 	1 	3 2 	 1 1 aas . 	 21 1 1 s  
Phacus sp. 	p 	 .............. 	I 	
1 	 ~I 
...... 	... 	 13 	12 	 1 	 33 	22 	1 	22 fracl~e%arrouar s~~~~~~~~ 1 	23 	33 ~  
1) Includes C. ?ni,ial!IS (Kütz.) Näg. and C. !/ispersers (Keissl.) Lemur., z) includes G. laCi(dris Cliodat, G. /au(stris v. compac/a Lemur. and G. /ilona/is 
Häyr6n, 3) includes A. spjroides Klebahn, A. cf. vaTiabi/is I lutz. and Anabae»a sp., 4) includes several lorica-bearing species of »Kepbyrion-type», 
5) in the summer values Aclirrocyclus may possibly have been confused with Tha/asniosi ra, 6 ) includes T. ~f. decipiees (Grun.) Jörg. and T. Leva/ideri v. 
Goor, 7) includes S. a/rea (Ehrb.) Grun., s) consists chiefly of C. IVigbaiiiii Brightw. but also of small undetermined species, °) includes F. 
cy/il(frur Grun., F. tans/rrren.c (Ehrb.) Grun and F. capucina Desmnzieres, 10) includes Co/team pesic /oaf, Ehrb. 
4~ 
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SOME BACTERIOLOGICAL OBSERVATIONS MADE IN 
THE NORTHERN BALTIC 
Harri Seppänen 	 Aarno Voipio 
\Vater Examination Bureau of 	Institute of Marine Research 
the Helsinki City Water Works, 	Helsinki 14, Finland 
Helsinki 44, Finland 
Vertical bacteriological samples were taken at the Gotland Deep in July 1969, 
both from the water and from the upper layer of sediment. From these samples 
the numbers of Enterococci, Les-Endo colonies, anaerobes and hydrogen 
sulphide producers were determined as well as the total colony and total cell 
counts. 
The vertical distribution of the different types of bacteria seems to correlate 
with the vertical distribution of hydrographic and chemical properties of the 
water. The distribution of the bacteria in the sediment correlates with the redox 
potential variations of the sediment samples. 
During recent years the oxygen balance of the Baltic Sea has been discussed exten-
sively. However, the biological aspects of this problem have been dealt with mainly 
indirectly in studies of the nutrient supplies, while studies of the primary production 
have been relatively few. Still more evident is the lack of information on bacterial 
activity and its role in the decomposition processes. 
The aim of the present study was to carry out preliminary bacteriological experi-
ments concerning nutrient media and cultivation methods. Despite their preliminary 
nature, the results obtained seem to be worth presenting with a few comments. 
EXPERIMENTAL 
All the samples were collected at the Gotland Deep on July 3, 1969. The water samples were collected 
in Nansen bottles, which had not been sterilised. However, Kriss et al. (1966) have reported, that such 
bottles are quite reliable for sterile collection of water samples. The sediment samples were taken 
with a special sampling apparatus, designed by Mr. Lauri Niemistö, which yields samples with a layer 
thickness of 8 mm. 1 cm3 was taken from each sample with an injection syringe and mixed by manual 
shaking with 0.9 per cent (w/v) sodium chloride solution. 
44 
BACTERIOLOGICAL METHODS 
Enterococci were enumerated on m-enterococcus agar (Difco), with the membrane filter technique. 
Les-Endo colonies (coliform organisms) were enumerated on m-Endo Les agar (Difco), also using the 
membrane filter method. 
The colony count was made by the plate count method, using TGY-agar with NaC1 (tryptone 
5.0 g, yeast extract Lo g, Lo g, glucose K5HPO4 1.0 g, agar 10 g; add 0.9 % NaC1 1 000 ml, pH 7. o) 
(Manual of microb. methods 1957, Standard methods 1965). 
The numbers of anaerobes and hydrogen sulphide producers were determined by the membrane 
filter method. Two layer agar (Fig. 1) was used to preventing the diffusion of oxygen into the filter. 
For the anaerobes Brewer agar (Drevs, 1968) was used and for the hydrogen sulphide producers 
Peptone Iron agar (Difco). 
The enterococci were incubated 48 hours at +35°C. All the other groups of bacteria were incuba-
ted 19 days at room temperature. 
The numbers of enterococci and Les-Endo colonies are given in colonies/100 ml, the nun hers of 
other bacteria in colonies/1 ml. 
The numbers of bacteria in the sediment are given in colonies/1 ml wet sediment. 
AGAR 
j 	 FILTER 
AGAR 
PETRI DISH 
Fig. 1. Cultivation arrangements for 
the anaerobes and hydrogen sulphide 
producers 
RESULTS 
Figures 2, 3 and 4 give data on hydrographic and chemical properties of the water 
phase. According to these data the following strata can be distinguished (Fig. 2). 
The depths in brackets refer to the samples representing these layers. 
A = The thermocline (15 m). 
B = Old winter water, characterised by minimum temperatures (50 m) 
C = The primary halocline, characterised by an oxygen gradient (60 m). 
D = The upper part of the layer between the primary and secondary haloclines 
(70 m). 
E = The lower part of the layer between the primary and secondary haloclines, 
representing the boundary zone between the oxygen-free bottom water, 
and the upper part of layer, which contains oxygen (100 m). 
F = The secondary halocline, representing the upper layer of the water mass 
containing hydrogen sulphide (125 m). 
The maximum depth of the water was 230 m. 
Figs. 3 and 4 respectively show the vertical distributions of phosphorus (total 
13, and PO4 -P) and nitrogen compounds (NH,1-N, NO, -N and NO3-N). 
Enterococci (faecal streptococci) indicate the standard of hygiene of the water; 
only one specimen was found in all the samples taken from the water column.. This 
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Fig. 2. The hydrographic conditions during the water sampling 
single enterococcus probably originated from the unsterilised Nansen bottle used 
for the sampling, and can be regarded as a sign of external contamination. 
Les-Endo agar is generally used for the enumeration of coliform bacteria. Since 
also other types of bacteria are able to grow on this agar, in this paper the name 
Les-Endo colonies is used for all these colonies, instead of the coliform colonies 
alone. 
We can see five different maxima in the vertical distribution of the Les-Endo 
colonies (Fig. 5). The first is at the very surface, and may be due to local contami-
nation, for example, from a ship. 
The following maximum, which is very marked, is at a depth of 50 metres (B). 
Below this depth the density gradient of the water increases rapidly and the sinking 
rate of particles decreases. Consequently, organic and inorganic particles are con-
centrated in this laver and provide a large amount of nourishment for bacteria. 
The next quite clear maximum is at a depth of 70 metres, where the oxygen deficit 
begins (D). This water layer provides very favourable conditions for the kind of 
bacterial activity in which the cells gain energy from the oxidation — reduction 
reactions. 
The bacteria utilising the energy of redox systems are accordingly. found in the 
boundary between the oxidated and reduced layers. The heterotrophic bacteria which 
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can grow on Les-Endo agar medium also have a maximum at this depth and a similar 
maximum can be noted for the bacteria which grow on TGY-agar (Fig. 6). 
In the anoxic water mass the number of Les-Endo colonies is relatively small. 
A minor maximum is seen in the upper layer of the water mass containing hydrogen 
sulphide. In this connection it should be noted that the depth intervals at which the 
samples were taken were too great to give a correct picture of the vertical distribution 
of the bacteria. 
The greatest number of Les-Endo agar colonies is found just above the bottom. 
The greatest bacterial densities are generally found at this layer, because here the 
amount of sedimented material is greatest. 
The colony counts show clear vertical stratification in the distribution of the 
heterotrophic aerobes and facultative anaerobes as well (Fig. 6). We can see that 
their vertical distribution usually correlates well with the physical and chemical pro-
perties of the different water masses (Kriss, 1962). These bacteria have their maxima 
at the depths at which increases occur in the gradients of various chemical properties, 
as salinity (B), oxygen (C) and hydrogen sulphide content (Fig. 6) (cf. Kusnezow, 1959). 
The results of the microscopic cell counts are shown in Fig. 6, as well. Since the 
method employed is statistically not very reliable, no significant differences in vertical 
distribution can be observed. 
The number of hydrogen sulphide producers is quite small in the water phase 
(Fig. 7), which agrees with the observations of Kriss (1962). The greatest density 
of these bacteria is at the very surface (50 col./ml). More than 80 % of them are 
found above the primary halocline. 
The first maximum of the hydrogen sulphide producers is observed at the ther-
mocline and the second one in the upper part of the primary halocline, where the 
Les-Endo colonies have a maximum too. 
Below the primary halocline only a few H2S producers are found, their density 
usually being less than 6 col./ml. According to Kriss (1962), the situation is similar 
in the Black Sea. 
The number of anaerobes was not determined for every sampling depth (Fig. 7), 
because these determinations were carried out as a methodological experiment only. 
However, the method seems to give quite a good picture of the distribution of 
anaerobes and facultative anaerobes in the water column. The vertical distribution 
of the anaerobes correlates quite well with that of the NO3 concentration, so that 
they may be nitrate-reducing species (Morita and Zobell, 1955; Kriss, 1962). 
The vertical distribution of heterotrophic bacteria in the sediment seems to be 
correlated to the redox potential changes (Fig. 8). Since most of the Petri dishes 
with sediment samples were covered with filamentous, fast growing bacteria, the 
minimum values of this vertical series are evidently incorrect. Corresponding obser-
vations have been made by Kriss (1962). The highest colony count was made on a 
sample taken 5-7 cm below the surface of the sediment (Fig. 8). At this layer the 
redox values are highest, too. 
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A ORP is the deviation from the mean 
redox potential in the sediment profile of 
25 cm; only the upper part of this profile 
was studied bacteriologically 
The number of hydrogen sulphide produces is some 200,000 times greater in 
the sediment than that in the water phase (Fig. 8). The maximum occurrence of 
these bacteria is at the sediment-water interface (cf. Kriss, 1962). 
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